The paper on sperm DNA fragmentation by Ashok Agarwal et al. summarizes the currently available DNA fragmentation tests and discusses the role of sperm function tests in the intracytoplasmic sperm injection (ICSI) era (1) . The authors have summarized the clinical utility of sperm DNA fragmentation test and have provided recommendations based on specific clinical practice scenarios.
We, however, have reservations regarding the precise clinical utility of these sperm function tests.
Semen analysis remains, even today in 2017, the single most important test in evaluating male infertility, despite its poor positive predictive value and even poorer negative predictive value. Nevertheless, numerous other tests, which have been introduced in the last 6 decades to complement, supplement, and replace semen analysis have proven to be even more inadequate.
Semen analysis, as a routine part of infertility evaluation, was first introduced only in the early 20 th century (2 There is no sperm concentration, motility, or morphology values, above which pregnancy is certain, nor below which pregnancy is impossible. The exceptions to this statement are absolute azoospermia, total asthenozoospermia, total teratozoospermia, or total necrozoospermia. Most of these are rare in occurrence. Even today, we do not know the sperm concentration or total sperm count necessary for in vivo conception. Donor insemination studies have clearly shown that in fertile women, conception is possible even with values as low as 2.5 million/mL of motile spermatozoa (5) . Fertility, after all, is a joint effort of two people-man and woman. Sub-fertility of either of the partner may be compensated by normal or super fertility of the other (6) .
Sperm function tests-from one unknown to more unknown As many andrologists felt that semen analysis is an inadequate indicator of male fertility, sperm function tests were introduced to evaluate the potential for male fertility (7) . The sperm cervical mucus interaction test is one of the earliest tests to evaluate sperm function (8) . The first few editions of the WHO manual carried details about sperm cervical mucus interaction tests, the slide test, capillary tube test etc. (8) (9) (10) (11) , as cover page features. However, the use of these tests seem to have died a natural death.
Post coital test
The post coital test is an unaesthetic test; it was introduced to study sperm cervical mucus interaction. This test is now sparingly used and remains unproven (12). Tests for antisperm antibodies, like MAR and immunobead tests, have been used in the investigation of the infertile male (13) .
Commentary
A perspective on sperm DNA fragmentation Nancy Alexander raised an issue about this test in an opinion page (14) . The use of this test seems to have gone out of fashion.
Hamster egg penetration test (15), Hemi zona assay (15), etc.
With the advent of IVF on a large scale, these tests were introduced claiming that they would predict pregnancy rates both in vivo and in vitro. After a decade of practising these tests, we woke up to realize that these tests would not predict pregnancy outcome both in vivo and in vitro fertilization.
Hypo osmotic swelling test (HOST)
Jeyendran et al. introduced HOST as a test for fertility (16) . However, the test remains today only as a useful test for sperm viability, particularly in total asthenozoospermia. Semen analysis is a number's game (17) . Today, we are not even sure about the definition of oligozoospermia (18), asthenozoospermia and teratozoospermia ( Table 1) . Everything in a semen sample is variable from time to time (11) .
Sperm DNA fragmentation test
The advent of molecular biology and genomics made a quantum change in the management of many medical conditions. Their precise role in infertility, however, remains ill-defined. Genetic analysis is a very useful diagnostic tool in certain conditions (19) (i.e., cystic fibrosis, nonobstructive azoospermia). Its therapeutic and diagnostic roles in other conditions are still under evaluation. A DNA fragmentation test indicates the percentage of spermatozoa in the ejaculate with fragmented DNA. Since DNA is the most crucial component of the cell or spermatozoa, the DNA fragmentation test was believed to indicate the fertility potential of a given semen sample. But unfortunately, we do not know the minimum number of non-fragmented spermatozoa required for in vivo conception. Even in patients with more than 50% spermatozoa carrying DNA fragmentation, the remaining Spermatozoa with nonfragmented DNA would be adequate to effect normal conception (20) . After all, only a single normal spermatozoon is required for natural conception (21) .
DNA fragmentation occurs as a physiological process in cells undergoing apoptosis (22) . With such a huge number of spermatozoa, a certain proportion, say 15%, 30%, 50%, are bound to undergo apoptosis. Therefore, 50% of DNA fragmentation may in fact indicate apoptosis, which is physiological rather than any pathological derangement in the sample. Unless the sample has 100% DNA fragmentation, it may be impossible to call the sample sterile (20) .
Tests for DNA fragmentation
There are numerous tests available for evaluating sperm DNA fragmentation (20) . The article by Ashok Agarwal et al. gives an excellent summary of all the available DNA fragmentation tests (1) . All of them have their own limitations and some of them are quite expensive. It would be naïve for us to introduce these tests into routine clinical practice before we have solid data clearly incriminating sperm DNA fragmentation as a cause for infertility, miscarriages, or IUI, IVF, or ICSI failures. The paper (1) recommends sperm DNA fragmentation testing for specific clinical scenarios, which themselves are debatable.
In a recent article, Erma Z. Drobnis stated that "It (DNA-F testing) remains impossible to recommend its routine use" (23) .
Management of sperm DNA fragmentation
Several causative factors have been implicated in producing sperm DNA fragmentation (20) . These include varicocoele, smoking, obesity, etc. Varicoceles remain an unproven cause of infertility (24) . Smoking needs to be stopped for several reasons besides infertility. Obesity is the Mother of all diseases, and patients should be encouraged to reach their optimum weight, irrespective of their fertility status. Reactive oxygen species (ROS), due to any of other factors or due to inflammation, has been implicated as the cause for sperm DNA fragmentation. ROS is produced in all metabolically active cells and is often a physiological component of the metabolic process. ROS is a physiological cue for apoptosis. Attempts have been made to quench the free radicals by administering antioxidants. Numerous nutraceuticals have been advocated for improving sperm DNA fragmentation, all of which remain unproven in clinical practice (25) . It is possible that some of them may even worsen prognosis in some cancer patients (26) .
American Society of Reproductive Medicine states that there is insufficient evidence to recommend the routine use of sperm DNA integrity tests in the evaluation and treatment of infertile couples (27) . The only usefulness of DNA fragmentation test in infertility would be if we can identify a normal spermatozoon by a non-invasive DNA fragmentation test and thereafter proceed with ICSI procedure using the same spermatozoon. Until then, the current tests remain very useful research tools only. Nothing more, nothing less.
Sperm DNA test and ICSI
With the advent of ICSI, doing the sperm DNA test may turn out to be counterproductive. With a semen analysis report of 50% DNA fragmentation and with no knowledge of which spermatozoon has DNA fragmentation, it is possible that the embryologists may be injecting an abnormal spermatozoon into every other oocyte. In vitro fertilisation would be a better option as it would leave it to the oocyte to choose the right spermatozoon and to repair the minor errors when present. Major genetic errors would end in failed fertilization and hence this may not lead to a pregnancy
Conclusions
Semen analysis is at a crossroads. Andrologists, quite unsatisfied with routine semen analysis, have been trying to introduce newer methods of evaluating a semen sample; this trend has occurred in every decade. With an abundance of spermatozoa in the ejaculate, any test to evaluate a semen sample would remain meaningless, as this only evaluates a portion of the ejaculate. The advent of ICSI has certainly brought about a paradigm change in the management of male infertility and these tests would remain only historical tests until proven otherwise in the years to come. As a medical community, we have been logically illogical several times in the past, with examples such as using immunotherapy for recurrent implantation failure, recurrent pregnancy loss, and hormone replacement therapy in natural menopause. We hope we do not repeat the same mistake with the DNA fragmentation test. Automation gives a sense of false accuracy but not reliability. As Edward E. Wallach once said, "It is easy to fall prey to accepting an unproven therapy as dogma, while overlooking the basic principles responsible for infertility, especially when the overall climate encourages aggressiveness in the use of high-tech measures" (28) .
